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Abstract. In order to improve the quality of the receiving and transmitting sig-
nals in the underground wireless communication system, the circular polarization
antenna located at the front of the communication system is studied. A 16 array
circularized reading and writing antenna with a center frequency of 2.4 GHz is
proposed for the formation of a center-shaped square-shaped circular-polarized
patch radiation structure based on two-stage rotation. The structural composition
and working principle of the microband antenna are introduced, and the function
differential theory is applied to the feed antenna network. Finally, the simula-
tion and experiments proved that the antenna has the advantage of having a high
front-to-back ratio, and improved the performance of the antenna.
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1 Introduction

The circularly polarized microstrip antenna is thin in profile, small in volume, light in
weight, conformable and easy to integrate. It is widely used in mobile communication,
satellite communication, radar,WLAN,RFIDandother communication occasions [1–6].
In coal mine wireless communication, it is necessary for the antenna to have good pen-
etration and anti-multipath ability to coal dust and water mist. The circularly polarized
antennahastwoorthogonalfields,horizontalandvertical.Thecircularlypolarizedantenna
has better penetrability than the linearly polarized antenna in coal seamwater mist under
the same power [7–12]. Circular polarization can be divided into left-handed polarization
and right-handed polarization. The antenna can only receive signals in the same polariza-
tiondirection. In theprocessofunderground transmission, the signal is easy tobe reflected
by obstacles, changes the polarization direction, and is not received by the original polar-
ization direction antenna. In the underground environment of coal mine, it can be used as
an effective means of anti-multipath [13–17]. To sum up, the design of microstrip circu-
larly polarized antenna with small size, easy integration, wide frequency band and high
performance is the research direction of coal mine undergroundwireless communication
[18–25].
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In order to improve the quality of receiving and transmitting signals of underground
wireless communication system, the circular polarization antenna at the front end of the
communication system is studied. A 16-array circular polarization reading and writing
antenna with a central frequency of 2.4 GHz is proposed based on the two-stage rotation
of the corner cut square circular polarization patch radiation structure [26–30]. The power
divider theory is applied to the antenna feed network to improve the performance of the
antenna. In this paper, the design method of circularly polarized antenna is proposed,
and its simulation and test are carried out [31–35].

2 Structure of Array Circular Polarization Antenna

The circularly polarized array antenna designed in this paper is shown in Fig. 1. It can be
seen that the antenna is composed of two-stage rotary feed network inside and between
subarrays and 16 square tangent circularly polarized radiation patches. The RF signal
is fed into the energy signal through the central feeding point, and then fed through the
internal one quarter T-type network. The signal is divided into four channels with the
same amplitude and the phase lag of 90° in turn. Then each signal is fed into four tangent
circular polarized radiation patches through a four-part T- type feed network. It can be
seen that the antenna consists of an internal T-type feed network and four external T-type
feed networks to form the whole two-stage rotating feed network, and then 16 channels
of signals are fed into 16 square tangent circular polarized radiation patches [36–39].

The array antenna is designed with microwave sheet F4B, the thickness of the media
substrate is H0s = 1.5 mm. The dielectric constant is εr = 2.65, and the media loss
angle tangent value is 0.001. The array unit uses a cut-angle square patch for circular
polarization radiation, with the right-angle driven by the cut triangle being T0 = 2.9 mm,
and the patch cell edge length being W0 = 36 mm. Inside the subarray, the distance
between the cell patch isD1 = 48 mm, between the two subarrays, the distance between
the adjacent cell patch is D1 = 48 mm, and the edge length of the entire array antenna
is K0 = 340 mm.

3 Antenna Production and Experiments

Model and optimize the designed circularly polarized microband antenna based on the
T-junction 16 array using hf-frequency electromagnetic simulation software HFSS, and
then use a printed circuit board to make the physical image of the antenna as shown in
Fig. 2.

The echo loss and far-field radiation performance of the antenna were tested using
Agilent’s vector network analyzers E8363B and SATIMO’s darkroom test system SG24,
respectively, with results shown in Fig. 3, 4 and 5. Figure 3 is the echo loss of the antenna,
Fig. 4 is the radiation gain in the positive direction of the antenna z axis, and Fig. 5 is
the axis ratio of the antenna z axis in the positive direction.

As shown in Fig. 3, the simulation frequency range of antenna return loss greater
than 10 dB is 2.41–2.53 GHz, and the relative bandwidth is 4.9%; the corresponding
test frequency range is 2.35–2.55 GHz, and the relative bandwidth is 8.2%. In terms
of return loss, the test result is slightly better than the simulation result. It can be seen
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Fig. 1. Antenna structure

from Fig. 4 that the simulated peak gain of the antenna is 18.75 dBi, the corresponding
frequency point is 2.465 GHz, the tested peak gain is 17.60 dBi, and the corresponding
frequency point is 2.472 GHz. In the frequency band 2.35–2.55 GHz, the simulated and
tested gains are greater than 9.5 dbi. It can be seen from Fig. 5 that the simulation-3 dB
axial ratio frequency range of the antenna is 2.42–2.51 GHz, with a relative bandwidth
of 3.7%; the corresponding test working frequency range is 2.412–2.516 MHz, with a
relative bandwidth of 4.2%; the above simulation and test results are basically consistent.
The antenna is simulated and tested at 2.45 GHz, and the radiation patterns of XOZ and
YOZ are obtained, as shown in Fig. 6. The test results show that in the XOZ plane and
YOZ plane, the half power beam of the antenna is the same, both are 18° (−10°–8°). It
can be seen that the simulation and test results of the antenna are very similar.
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Fig. 2. Fabricated antenna structure

Fig. 3. Simulated and measured return loss

Fig. 4. Simulated and measured antenna gain
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Fig. 5. Simulated and measured axial ratio

(a) Radiation pattern of XOZ plane at 2.45GHz

(b) Radiation pattern of YOZ plane at 2.45GHz 
Fig. 6. Simulated and measured results of radiation pattern
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4 Conclusion

In summary, the array antenna is mainly based on two-stage rotating symmetrical struc-
ture, square angled circular polarization patch, low-cost low-loss sheet to achieve high-
performance RFID reading and writing array antenna. Taking into account the complex-
ity and performance of the design, the feed network adopts the T-type Power Divider,
phase shifter and impedance matcher cascade to realize the antenna structure of the
feed network and the radiation patch co-face, which not only improves the front-to-front
ratio, but also helps to reduce the complexity of antenna design and processing and
assembly time and cost. The test results show that the echo loss of the antenna is better
than 24.5 dB, the axis ratio is better than 0.5 dB, the peak gain is 17.8 dB, and the front
and rear ratio is 30 dB. Ideal for the coal mine underground narrow environment RFID
long-distance reading and writing applications, has a good application prospects and
economic benefits.
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